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LABORATORY PREPARATION OF URANIUM NITRIDE MICROSPHERES
BY A SOL-GEL TECHNIQUE

T. A, Gens
D. M. Helton
S. D. Clinton

ABSTRACT

Methods were successfully developed for preparing urania-
carbon sols and converting these sols into gel microspheres.
Two methods were investigated for converting the gel micro-
spheres into UN microspheres: (1) heating the gel microspheres

_in nitrogen to produce uranium nitride directly, and (2) heat-
ing in argon to produce uranium carbide, then in nitrogen to
produce uranium nitride from the carbide. Both methods appear
promising. The second method always yields a product contain-
ing carbon.

1. INTRODUCTION

The purpose of this work was to explore the possibility of preparing
microspheres of uranium nitride from gel microspheres of mixed uranium
oxide and carbon. Microspheres of UN are potentially attractive as a
reactor fuel. Therefore, in addition to simply preparing UN microspheres,
it was desired to prepare UN microspheres that have good fabricability.
This implies high crushing strength and good size control. It also implies

controlled, though not necessarily high, density.

Aqueous urania-carbon sols with good sphere-forming characteristics

were prepared after determining appropriate conditions for adding carbon

”717ftb'U02 sols to form stable and fluid dispersions at carbon to uranium

. ratios of 2.0 through 2.h. Conditions were also established for forming

':ff gel'microspheres from the UO,-C sol. The forming procedure closely resem-

3

1,2

“bled that described elsewhere for forming thoria and uranis” gel micro-

'm3j5 $phéres. The UOE~C gel microspheres were converted to UN microspheres by

'”: fh§ating them in a stream of nitrogen. In an alternative method, the U02-C
' *_2fg¢1'microspheres were first converted to uranium carbide by heating them
. in'a stream of argon, and then the uranium carbide microspheres were con-

'" f{Vértéd“to UN by heating them in a stream of nitrogen.
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The preparation of U'O2 sols is described in detail in another report;
therefore, no description of this first step in the preparation of UN micro-

spheres is given here.

Additional work is planned to establish in more detail the effects
of reaction temperature and time and the carbon-to-uranium ratios in the
gel on the properties and purity of the microspheres. The removal of
excess carbon by reaction with hydrogen will be investigsted in more
detail. Extensive characterization of the microspheres with respect to
properties such as density, hardness, strength, and purity is also
planned. In future work, the preparation of UN microspheres having a
range of densities and composed of a mixture of UN and UC will be in-

vestigated.

2. FPREPARATION CF UOE-CARBON SOL

2.1 Preliminary Studies

An ultrasonic generator and sonic converter device, hereafter referred
to as a sonifier, was used for dispersing carbon into the urania sol.

Spheron 9 carbon black (Table 1) was used in the study.

Table 1. Properties of Spheron 9 Carbon Black®

Particle Diameter Apparent
Surface By By % % Density
Area Elect. Nitrogen Volatile TFixed b of Pellets
(m/g) Micros. Adsorption Matter Carbon pH (10/£43)
109 290 320 5.0 95.0 L.5 20

“Cabot Corporation, Boston,Massachusetts, "Carbon Black Pigments."

Determined with a glass electrode in a carbon-black—water sludge (ASTM
designation: D1512). Under these conditions, pH is related to the
amount of carbon-oxygen complexes on the surface of the carbon black.

Much of the preliminary work included the use of surfactants, éince
other workersh had reported the surfactants useful in producing carbon

dispersions of low viscosity. Tween 80 (a polyoxyethylene sorbitan mono-




oleate) and Renex 30 (a nonionic ether of polyoxyethylene and a branched

alcohol) were the two surfactants used.

In a typical experiment, a volume of natural U‘O2 sol was placed in
a container of such configuration as to accommodate the step horn of the
conifier. The surfactant was added to the sol, followed by the addition
of Spheron 9 carbon. When the tip of the sonifier was immersed in the
sol, the high density of vibrational energy delivered at the tip of the
sonifier caused a fairly rapid increase in the temperature of the sol.
It was thus necessary to immerse the container in an ice bath. To
inhibit oxidation of the UO2 sol, all experiments were performed in an

- argon atmosphere.

_ Some experimental results using surfactants are listed in Table 2.
' In run S5-2 an attempt was made to decrease the viscosity of the dispersion

' by increasing the concentration of the surfactant. It can be noted that

it was not possible to maintain a fluid system when a 1.35 M UOo sol was

used in the presence of these surfactants.

ALl.16M U0, sol was next diluted to about 0.58 M, and the experiments
listed in Table 2 were repeated. Results from these dispersions at the
lower concentrations showed that the time required for the dispersions to
become thixotropic was increased but that the length of time the dis-
persion retained sufficient fluidity to permit sphere forming was still

too short. The dispersion had a tendency to thicken when handled.

R Dispersions were made next without surfactants. The procedure for
””_:_dispersing the sol was not changed. Table 3 lists results. The UOE'
77Lt¢arbon dispersions, in which the contact time with the sonifier was 25 to

"ﬁi301min, remained fluid and stable for periods of greater then 24 hr. No

'-i éfidence of settling out was detected during this period. However, dis-

~  persion for 60 min with the sonifier thickened the sol.

2 2 Preparation of the UO,-C Sols Used in the Preparation of
. UN Microspheres

When a 1.09 M U0, sol (Table 4) was allowed to set overnight, the

”'»ffmlxture became thixotropic. Dilution of the sol with water was necessary




Table 2. Effect of Surfactants on Urania-Carbon (Spheron 9)
Sol Dispersions

U0s sol = 1.35 M
Moles NO;~/mole U = 0.077
Moles COOH™/mole U = ~0.033

Carbon = 2.7 M plus 5% excess crude carbon
Vol
Surface- % of Dispersing

Run Volume Active Surfactant Time

No. (ml)} Agent Used (min) Remarks

S-1 75 Renex 30 0.8 60 Became thixotropic within
15 min after stopping
sopnifier

§-2 75 Renex 30 2.0 60 Same effect

S-3 75 Renex 30 0.8 30 Became thixotropic within
1 hr after stopping soni-
fier

8-4 75 Tween 80 0.8 60 Scol thickened before the
60 min mixing time was
completed

Table 3. UO,-Carbon (Spheron 9) Sol Dispersions (No Surfactants)

UOs = 0.58 M
_ Moles NO '/mole U= 0.095
1 Moles COCE™/mole U = 0.262

A R R N T R N

Carbon = 1.16 M plus 5% excess crude carbon
Dispersing

Run Volume c/u Time

No. {(ml) Ratio (min) Remarks

SX-1 75 2.0:1 60 Sol thickened after dispersion

SX-2 75 2.0:1 30 Formed a thin dispersion; sol re-
mained fluld overnight; micro-
scopic examination showed that
a homogeneous dispersion had been
obtained in the 0.5 hr dispersing
time

SX-3 75 2.2:1 25 Same as those above

SX-h. 75 2.4:1 25 Same as those above




Table 4. Composition of Urania Sol Before Dilution

Lo Total U UlH Moles NO,~ Moles COOH Specific
© o (moles/liter) (%) per Mole U per Mole U Gravity
1,093 76.5 0.019 0.10 1.2742

TE ﬁ :f£Q restore fluidity. After a fluid system was cbtained, several batches
__ ’} 6f’U02~carbon sols having a carbon-uranium atom ratio of 2.3:1 were pre-
“T7f ?ngfed. The required weight of carbon was added to the 0.825 M sol, and

:?"fa*further dilution with water was made to a final concentration of ap-

:"ﬁiffﬂ'ﬁfbximately 0.55 M for each batch prepared.

Twelve 100-ml batches of urania-carbon sol were prepared. Each batch

'“.fﬁas placed in an ice bath and mixed with the sonifier for 30 min. Good

i1 dispersions were obtained in all cases.

3. FORMATION OF UOE—CARBON GEI, MICROSPHERES

The apparatus used, and a procedure which resembles that used in form-

"5ing the UQ.-C gel microspheres have been described in detail in other

'rf  rep0rts.l’ »3 Therefore, only the process details required to apply this

: ﬁg apparatus and procedure to the formation of UOQ—C gel microspheres will

' be describved here.

The U02~C gel microspheres were formed in 2-in.-dlam forming column.

:,Thé f0rming medium was a 94.5 vol % 2-ethyl-l-hexanol-—-5 vol % 2-octanol—
Qf5 vol % Amine-O mixture. The UO,
through a two-fluid nozzle at flow rates of 1.2 cc/min to 2.5 cc/min.

-C sol was fed into the gelling column

TUC6¥ﬁﬁﬁ backflow of the forming medium was 0.8 gal/min. Partial removal
fiofiwgpér from the gelled spheres took place in the column and further dry-
:;Qiﬁgfwas accomplished in flowing argon at approximately 120°C for 16 hr.
'”.{fﬁ?@f@ééopy showed that the spheres had smooth surfaces. Average size of

Lgthéﬁéphéres was about 300 u.




L. CONVERSION OF UOE—CARBON GEL MICRGSPHERES TO UN MICROSPHERES

4,1 Two Methods for Making UN Microspheres

There are two methods by which UD,-C gel microspheres can be con-

2
verted to UN microspheres. One method could, in theory, yield pure UN;
the other yields a product in which 1 g-atom of carbon is produced for

each g-atom of UN.

By the first method, the U0.-C gel microspheres are heated in a stream

2
of nitrogen and react as shown below:

Uo, + 2C + 1/21\12 ——=>  UN + 2C0 . (1)
Three g-atoms of C are reguired per mole of 003, if any UO3 is present.

If no excess carbon is present [that is, no more than 2 g-atoms of C per
mole of U0, (or 3 per mole UO3)], the product should be fairly pure UN.

Actually, some UOQ is usually found in the product when temperatures of

only 1500 to 1600°C are used, even if excess carbon is used. Others,

working with powders, have made this same observation.S
By the second method,; the UO2 ig first converted to carbide in a
stream of inert gas by the reaction:

uo, + 3¢ —=> UC + 2C0 . (2)

_ is present. The

Four g-atoms of C are required per mole UO3, if any UOj

UC is then treated with N2 to form UN by the reaction:
UC+1/2N2 — UN + C . (3)

The carbon in the UC intermediate product remains in the final product.

4,2 Conversion by a Single Reaction

- Although reaction (1) has been found to proceed very well with
A
powdered 002 and carbon mixtures,5 it was found that a problem develops

when attempts are made to carry out this reaction on the UOE-C gel




 ”mi¢rospheres. The microspheres rapidly become coated with a very thin,

.:'mifror-like layer of UN which impedes the entry of nitrogen to the
._'t; iﬁtérior and consequently prevents formation of UN on the inside of
ﬁ  f_£hé micr0Spheres. The coating can be rendered pervious to N, by tem-

- f”ﬁerature cycling to form and decompose higher nitrides.

L The coating appears to most effectively inhibit the nitriding of
.i'l:tﬁé interior of the microspheres when the microspheres are almost per-
__;ﬂiféétly spherical and without surface defects. In runs 1, 3, and b
”:ftj(Table 5), the UOE-C gel microsphe:es were formed in a small forming
- column. Microscopy showed pitting and variation from the desired
;;fépherical shape. A larger fraction of these microspheres was converted
f*:td”nitride than in later runs using more nearly perfect microspheres,
ﬁf éven though higher temperatures and longer reaction times were used in
1  ;£he later runs. For example, in the first run, x-ray analyses indicated
 ;;£he product was almost pure UN, and in run (3) the N/U atomic ratio in

" the product was 0.88.

In all the runs so far, the microspheres retained their shape;, and

. "no sintering of the microspheres was observed during the conversion to

" nitride.

f In attempts to convert the well-formed microspheres to nitride [runs
- (6) through (13), Table (5)], it was learned that only partial conversion

- 'was possible at temperatures as high as 1650°C and reaction times as long
”'Zlfas 4 hr. Microscopy revealed that, in every case, the spheres had a glossy

~silver coat but were black on the inside. Both the starting material,

;ﬁf-UOQ + C gel, and uranium carbide are black while UN is silvery.

o k.2.1 Penetration of the UN Coat

The results of experiments described above indicate that the forma-

. tion of UN microspheres by reaction (1) was prevented by the formation

'fffof a coating of UN which the N, could not penetrate. Therefore, experi-

*t.ments were performed in which temperature cycling was investigated as a

11p0551ble method of disrupting the coating. The reasoning involved is that,

3Q3S the temperature is lowered from the 1600°C reaction temperature, UN




Table 5. Results of Attempts to Convert UOo-C Gel Microspheres
into UN Microspheres by Heating in Ng

C/U atomic ratios between 2.2 and 2.7

Product
N/U,
+ Temp. Time Atomic

Run (°c} (hr) Ratio Special Conditions

1 1500 3 - Gel microspheres pre-

s w3 os)  pred e deoow

b 1500 2 0.62

6 1550 L C.59

6C 1550 L 0.6k

TA 1550 b 0.50

7B 1550 4 0.51

8a 1550 L 0.35

8B 1550 L 0.40

9 1600 1 0.73

10 1600 Y .10

1l 1600 L 0.36

12 1650 L 0.25

13 1650 b 0.20

1h 1600 5 0.80‘} Cooled to 950°C after
16 1600 5 0.92 fohiéogggn reheated
18 1600 l 0.81 Reactions (2) and (3),

2 hr each

does not remain stable in the presence of NQ. Rather, it picks up Ng
gradually, until, at 1000°C and 1 atm of N2 for example, the equilibrium
phase contains over 1.6 atoms of nitrogen per atom of uranium.6 Reheating
to 1600°C will decompose the higher nitrides into UN. Such a cycle should

(and@ in fact did) disrupt the UN coat enough so that it can be penetrated

by N2 gas.




_ o A batch of UOE-C gel microspheres were dried in a stream of argon at
- 600°C for 3 hr and carefully analysed for use in investigating the pro-
' blem of the UN costing. Although the original sol contained 2.3 atoms
'35 ffdf carbon per atom of uranium, the dried gel microspheres contained 2.7,
' ;f: dué to organic material picked up from the forming column (Table 6).

: 'Ahé1yses were also made to determine the valences of the uranium in the

gel microspheres. The results are given as wt % U0, and UO,. Quantitative

U 3
" analyses of these microspheres were made difficult by the fact that the

”Jf microspheres adsorb the surrounding atmosphere (argon in this case) to

ﬁ:fiﬁhé_extent that they lost over 4% of their room-temperature weight when
..:;fﬁey are heated to 400°C. Consequently, this weight loss must be deter-
;fﬁiﬁe&, as well as the amounts of uranium, carbon, and oxygen present.
'fif?fhis weight loss is not determined, the sum of the weights of uranium,
ifééfbon, and oxygen will amount to only about 96 wt % of the spheres at
ffEGOm temperature.

. A semple of these microspheres was heated for 2 hr in N, at 1600°C.
iSQme were removed, cooled to room temperature under Ng, and examined under
- the microscope. A photograph of these microspheres in which one micro-
'“ﬁf $§hére was broken open (Fig. 1) shows the thin, glossy UN coat and the

{  5;;ck interior.

Table 6. Composition of UO,-C Gel Microspheres Used in
Runs 1k, 16, and 18

c/u

Semple Atomic Ratio

1 2.693
2 2.7h2
3 2.770
L 2.786

Average values: UO, — 39.67 wt %
uo; — 46.15 wt %

—
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Fig. 1. After a 2-hr Treatment of UOp-C Gel Microspheres in Np at
1600°C, the Microspheres are Coated with Silver-Colored UN, While the
Interior of Broken Spheres (Lower Left) are the Black Color of Carbon,
U0z, and Uranium Carbide.
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: "'The microspheres not removed from the furnace were cooled to 950°C
”“  fﬁi£h NE floﬁing and held overnight at this temperature. The temperature

't'ﬂﬁﬁﬁwésffhen increased to 1600°C for 3 more hours.

" Complete conversion to nitride was not expected in this run because

. some contamination of the argon atmosphere by air Quring the sampling

: *f;éf£er the first 2-hr treatment was unavoidable. It has been observed
'? :tﬁé£ the microspheres react rapidly with sir, even at room temperature,
ﬂ;fwhén they have been partially converted to carbide. X-ray analyses
: Q§h§wed the preoduct was a mixture of uranium nitride and UOQ. Uranium
.; ¢arbide was not identified. Despite this unavoidable contamination of
'féhefargon, the N/U atomic ratio in the final product was 0.8 (run 1k,
ffTébléVS), considerably higher than in previous comparable runs. The
. resu1ts of this run indicated that temperature cycling, with N present,

ffdld indeed render the UN coating pervious to N,.

   51 Another run (run 16, Table 5) was made to confirm that penetration
 ¥be the UN coat was accomplished by temperature cycling. The procedure
T ﬁQaé the same as described above for run 1llt, except that no sample was
';?;féﬁoved during the run. Even more complete conversion was achieved.
iiAﬁéiyses showed the composition of the product to be UNO.9ECO.13' This

. amount of carbon is slightly less than the calculated amount (0.18 atom

.ij df'carbon per atom of uranium) that should be found in the product,
 }{bésed on the analyses in Table 6. The analyzed amounts of uranium,
ifhifrogen, and carbon accounted for 99.9 wt % of the product micro-
;fspﬁeres. Thus, reaction (1) appears to have proceeded very nearly to
}?é@ﬂpletion. By starting with uranium oxide-carbon gel microspheres
”ﬁgﬁnﬁaining exactly enough carbon to remove all oxygen as C0O, the pre-

 parati0n of pure UN microspheres should be possible.

o 55}  The density of the UN microsphere product, measured by toluene
j;dlSPlacement, was 13.66. The theoretical density of UN from x-ray
"f'measurements is lh.3l.7 This high density, 13.66, is higher than other

f;Wbrkers have achieved with pure UN.

". Examination of the product (see Fig. 2) revealed microspheres of

ggtwo colors. Those on top, as the microspheres lie in the firing boat,




1z

Y-65842

Fig. 2. Microspheres of UN Prepared by Firing UOo-C Gel Microspheres
in Nitrogen Gas. Magnification 33X.




'ifszere dark gray, while those underneath were silvery. This color dif-
"']:ference is not very apparent in Fig. 2, but it will be shown more clearly

.'ﬂf':flater on photomicrographs. X-ray analysis indicated that a small amount

“':-of UO was present in the dark-gray microspheres, while the silvery micro-
{;spheres gave lines only for UN. This difference may be due to a small
 itemperature variation in the microsphere bed, and it indicates that

"“fxbareful temperature control may be needed for complete conversion.

  1“1_ Some agglomerates of microspheres can be seen in Fig. 2. Such ag-

_;gi&ﬁérates were also cobserved in the U02-C gel microspheres before firing.
‘Agglomeration occurs in the forming columm when the Amine-0 surfactant

E(égé_Sec 3) becomes depleted, and is corrected by adding more Amine-0

T%bffhe forming medium. No sintering was observed in any of the UN micro-

‘ébﬁéfe products.

i “Measurements of crush strength revealed that the dark-gray micro-

:spheres were stronger than the silvery ones. Crush strengths, measured

Fseparately on five dark-gray microspheres, were between 240 and 460 g;
{thqse measured on silvery ones were between 100 and 250 g. The spheres
iﬁé&jdiameters in the range 100 to 250 u. In these crush-strength measure-
;ééﬁﬁs, the spheres had been removed from containers filled with argon and
fé#@bSed to the laboratory atmosphere. Therefore, the low crush strengths
TJméy.be caused by a small amount of surface reaction with the atmosphere,

‘which weakens the spheres.

: ';Photomicrographs were prepared from polished sections of the micro-
.fj'-s;phéfes shown in Fig. 2, using bright-field illumination (Fig. 3) and
prlariied light (Fig. 4). The dark-gray and silvery microspheres mentioned
:above are easily distinguishable in these photomicrographs, but there are |
o”v151b1e structural differences to explain the difference in coloration.
;Some ev1dence of UOQ and carbon was expected in the darker spheres, since
:ﬁhgsdark color suggests that these materials are present and x-ray analyses

fiﬁdiééted the presence of some UQ The absence of any good evidence for

2"
_UQ and carbon in the darker sections may be due to the poor polishing

_characterzstlcs shown by these sections.




. D.007 INCHES
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L

Fig. 3. Photomicrograph of Polished Sections of the Microsphéres in
Fig. 2, Using Bright Field Illumination.
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L _: Flgh ' Photomicrograph of Polished Sections of the Microspheres in
Fig. ‘2, Using Polarized Light.
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4.3 Conversion by Two-Step Method

Experiments in which the UOE-C gel microspheres were first converted
t0 uranium carbide [reaction (2)71, then to nitrige [reaction (3)], were
quite promising. A run (run 18, Table 5) was made in which the gel
microspheres were heated in argon for 2 hr at 1600°C to form carbide,
then for 2 more hours in nitrogen gas at 1600°C to form nitride. The
composition of the product was found ﬁy analysis to0 be UNO.Bl CO.MO OGlehﬂ
H-ray analyses indicated the product was mostly UN and contained some

UOE' No carbide or carbon x-ray patierns were found. The microspheres
were silvery and well-shaped (Fig. 5). Some spheres were broken open

and found %o be the same color throughout. The density of these micro-
spherés, measured by toluene displacement, was 12.43. Crush strengths,
measured separately on five microspheres, were between 270 and 410 g.

The spheres had diameters in the range 100 to 200 .

It is important to note that the carbon present in the UQ,-C gel
microspheres (C/U atomic ratio = 2.7, see Table 6) was not enough for
reaction (2) to go to completion, since this reaction requires 3 atoms
of carbon per molecule of UOE’ and It atoms of carbon per molecule of UO3.
On the basis of the anslyses presented in Table 6, an initial C/U atomic
ratic of 2.7 should lead to a product having 0.73 atom of carbon, 0.73
atom of nitrogen, and 0.54 atom of oxygen per atom of uranium. Thus, the
respective ratios achieved (0.81, 0.40, and 0.24) actually represent more
conversion than could be expected if reactions (2) and (3) went to comple-
tion. It is apparent that additional reaction occurred by reaction (1)
during the 2-hr nitrogen gas treatment. When UOE-C gel microspheres are
prepared in the future, with the correct amount of carbon for reaction
(2) to go to completion, good conversion to UN by reaction (3} should

be possible.

Photomicrographs of polished sections to the microspheres shown in
Fig. 5 generally confirm the chemical and x-ray analyses, and, in addition,
show a layer of nearly pure UN around the outside of the microspheres
(Figs. 6, T, and 8).
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Fig. 6. Photomicrograph of Polished Sections of the Microspheres in
Fig. 5, Using Bright-Field Illumination.
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i .:Fig. T. Photomicrograph of Polished Sections to the Microspheres in
._F_J.g_;_-_ 5, Using Polarized Light.
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Fig. 8. Photomicrograph of Polished Sections of the Microspheres in
Fig. 5, Using Bright-Field Illumination.

SRR




21

: The UO, in the microspheres is visible as the gray material iﬁifﬁé;:
.6, which is a bright-field photomicrograph. The major UN phase is white.
" The UO2 near the outside of one section gives evidence of a slow reactiéﬁ': 

of the UN with the atmosphere at room temperature.

The layer of nearly pure UN around the outside of the microspheres
may be caused by reaction (1) occurring slowly after reaction (2) and (3)
have very nearly proceeded to completion. Reaction (1) would be expected
to proceed slowly, since the UO2 and carbon particles could come together
only by diffusing through the UN matrix. It is not clear why reaction (1)
should take place more rapidly near the outside of the microspheres. If
the above explanation is correct, it suggests that the treatment in N2 at
1600°C (2 hr for these microspheres) should be extended to allow reaction

(1) to proceed into the center of the microspheres.

The dark spots in the polished sections in Fig. 6 might be either

graphite particles or voids. A photomicrograph of the same sections

taken with polarized light shows the presence of small graphite particles
(Fig. 7).

A photomicrograph similar to Fig. 6 but taken at a lower magnification
(Fig. 8) shows clearly the areas of pure UN near the outside of the micro-

spheres.

Although this two-step method for comverting UOE*C gel microspheres
to UN microspheres appears to work well, it has the possible disadvantage
that carbon is left in the product. British workers have successfully

9

reduced higher carbides of uranium to UC with hydrogen at 1000°C.” How-
ever, in the present study, microspheres of UN and carbon, prepared by
the same method described above, were converted into powder by a 2-hr
treatment with hydrogen at 1000°C. Carbon was removed, however, and

was deposited in the reactor downstream from the UN powder.

CONCLUSIONS AND RECOMMENDATIONS

5.

Methods were successfully developed for preparing U02—C sols and

converting these sols into gel microspheres. Two methods were investigated
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for converting these microspheres into UN microspheres: (1) treating
with a stream of N, at 1600°C, and (2) treating with a stream of argon at
1600°C followed by treating with N, at 1600°C. Both methods appear pro-

mising, but the second method always yields a product containing carbon.

In the first method, temperature cycling from 1600°C to about 1000°C
and back to 1600°C is necessary to render pervious to N, & UN coat which

forms on the gel microspheres when they are exposed to NE at 1600°C.

In the second method, further work is needed to develop a satisfactory
method for removing the carbon in the microsphere product. A possible
method, the use of hydrogen at atmospheric pressure and 1000°C, was tried;
while it led +to some carbon removal, it did not appear promising because
it fractured the particles. However, other temperatures and lower hydrogen

partial pressures should be tried.

Since the C/U ratio in the UOQ—C gel microspheres appears to be of
critical importance in the preparation of pure UN microspheres, it will
probably be necessary to control this ratio carefully. It will also be
necessary to know accurately the uranium valence state, because the
amount of carbon needed varies with the amounts of U02 and UO3 present

in the gel microspheres.

Information is needed concerning the rate at which the reaction
vielding UN approach completion as a function of several variables:
temperature, nitrogen gas partial pressure, CO partial pressure, C/U
ratio in the gel microspheres, and size of the microspheres. The
effects of these variables will be investigated with the aid of a

controlled-atmosphere thermobalance.

The deliberate inclusion of excess carbon in the UOQ—C gel micro-
spheres should be investigated, with the objective of forming micro-
spheres containing solid solutions of UN and UC. Deliberate inclusion
of material in the gel microspheres which volatilizes during firing

should also be investigated as a means of producing UN microspheres

of confrolled porosity.




-.Pﬁafégféﬁhs and photomicrographs were prepaféd_byztheﬂMet_

GrOuP'of“thé'Métals and Ceramics Division of ORNL;5 Aﬁal§$éS:




/

T. REFERENCES

1. D. E. Ferguson, 0. C. Dean, and D. A. Douglas, '"The Sol-Gel Process
for the Remote Fabrication of Recycle Fuels, " 3rd U.N. Int'l. Conf.
on the Peaceful Uses of Atomic Energy, May 1964, A/CONF. 28/p/237.

2. R. G. Wymer and D. A. Douglas, Jr., Status and Progress Report for
Thorium Fuel Cycle Development for Period Ending December 31, 1963,
ORNL-3611 (July 1965), pp. 60-79.

3. J. P. McBride, Preparation of UO, Microspheres by a Sol-Gel Technique,
ORNL-3874 (in process). ©

4. G. R. Somerville and E. C. Martin, Progr. Rept. on "Encapsulation of
Sols to Produce Rounded Particles,” April 1, 1965—May 1, 196k,
Southwest Research Institute, San Antonio, Texas.

|

|

‘ 5. K. R. Hyde, D. A. Landsman, J. B. Morris, W. E. Seddon, and H. I. C.
Tulloch, The Preparation of Uranium Nitride and Carbon Nitrides from
Uranium Oxide in a Fluidized Bed, AERE-R 4650 (June 196k4).

and P. E. Lapat and R. B. Holden, '"Thermodynamics of the Uranium-
Nitrogen System, " papers presented at the Int'l. Symp. on Compounds
of Interest in Nuclear Reactor Technology, August 3, 4, and 5, 196k,
University of Colorado, Boulder, Colorado.

| 6. J. Bugl and A. A. Bauer, "Thermodynamics of the UpN3 Phase Region,"
|

7. C. P. Kempten, J. C. McGuire, and M. R. Nadler, "Uranium Mononitride, "
. - Anal. Chem. 31, 156 (1959).

8. P. E. Evans and T. J. Davies, "Uranium Nitrides," J. Nucl. Materials

10, 43-55 (1963).

9. B. R. Harder, J. Read, and R. G. Sowden, The Reduction and Sintering
. of Hyperstoichiometric Carbides in Hydrogen, AERE-R 4877 (April 1965).




ORNL-3879
UC-25 — Metals, Ceramics, and Materials
TID-4500 (45th ed.)

INTERNAT, DISTRIBUTION

1. Biology Library 51. A. R. Irvine
2_/4. Central Research Library 52. A. T. Kleinsteuber
5, Reactor Division Library 53. C. E. Larson
&-7. ORNL — Y-12 Technical Library 54. R. E. Leuze
Document Reference Section 55. M. H. Lloyd
g.27. Laboratory Records Department 56. H. G. MacPherson
28. Laboratory Records, ORNL R.C. 57. J. L. Matherne
29, R. E. Blanco 58. J. P. McBride
30. W. D. Bond 59. K. H. McCorkle
3]1. R. E. Brooksbank 60. A. B. Meservey
32. K. B. Brown 6l. J. G. Moore
33. F. R. Bruce 62. L. E. Morse
34. 5. R. Buxton 63. K. J« Notz
35. J. M. Chandler 64. J. R. Parrott
36. 8. D. Clinton 65. W. L. Pattison
3%« F. L. Culler 66. J. J. Perons
38. D. A. Douglas 67. J. T. Roberts
39. D. E. Ferguson 68 J. L« Scott
40. L. M. Ferris 69. M. J. Skinner
41. T. A. Gens 70. F. J. Smith
42. H. E. Goeller 7l. J. W. Snider
43. A. T. Gresky 72. J. W Ullmann
44. P. A. Haas 73. A. M. Weinberg
45. R. G. Haire 74. M. E. Whatley
46. C. J. Hardy 75. R. G. Wymer
47. W. 0. Harms 76. P. H. Emmett (consultant)
48. C. C. Haws 77. J. J. Katz (consultant)
49. F. E. Harrington 78. C. W. J. Wende (consultant)
50. D. M. Helton 79. C. E. Winters (consultant)

EXTERNAL DISTRIBUTION

80. E. L. Anderson, Atomic Energy Commission, Washington
81l. R. E. Pahler, Atomic Energy Commission, Washington
2. M. J. Whitman, Atomic Energy Commission, Washington
83. C. B. Deering, Atomic Energy Commission, Oak Ridge

84. Research and Development Division, AEC, ORO
85-409. Given distribution as shown in TID-4500 (45th ed.) under
Metals, Ceramics, and Materials category (75 copies — CFSTI)



	Blank Page



